ABSTRACT: Postweaning heifer development systems were evaluated at 2 locations in a 4-yr study for their effect on performance and subsequent adaptation to grazing corn residue as a pregnant heifer. In Exp. 1, heifers were blocked by BW and randomly assigned to graze winter range (WR) or graze winter range and corn residue (CR). In Exp. 2, heifers were assigned to graze winter range and corn residue (CR) or graze winter range and placed in a drylot (DL). Artificial insemination and natural mating were used at breeding on the basis of location. In Exp. 1, heifers developed on corn residue tended (P = 0.11) to have reduced ADG compared with WR heifers. Subsequently, BW at the end of the 82-d corn residue grazing period tended (P = 0.09) to be lower for CR compared with WR heifers. However, the proportion of heifers attaining puberty before the breeding season and pregnancy rates were similar (P ≥ 0.29) for CR and WR heifers. Developing heifers on winter range tended (P = 0.09) to reduce heifer development costs $36/pregnant heifer compared with CR heifers. In Exp. 2, DL heifers had greater (P < 0.01) overall ADG during development compared with CR heifers, resulting in greater (P < 0.01) prebreeding BW for DL heifers compared with CR heifers (355 vs. 322 ± 9 kg). At pregnancy diagnosis BW remained greater (P = 0.02) for DL compared with CR heifers (423 vs. 406 ± 7 kg). Corn-residuedeveloped heifers had increased (P = 0.03) AI conception rates compared with DL heifers (78% vs. 67% ± 6%). However, there was no difference (P ≥ 0.21) in percent pubertal before the breeding season or final pregnancy rates for CR and DL heifers. Developing heifers on corn residue reduced (P = 0.02) heifer development costs $38/ pregnant heifer compared with DL-developed heifers. A subset of pregnant heifers from both experiments grazed corn residue fields in late gestation. As pregnant heifers grazing corn residue, WR heifers (Exp. 1) tended to have reduced ADG compared with CR heifers (0.34 vs. 0.43 ± 0.08 kg/d, P = 0.07). Furthermore, in Exp. 2 CR heifers had greater (0.41 vs. 0.30 ± 0.22 kg/d) ADG grazing corn residue as pregnant heifers compared with DL-developed heifers. Calving date, dystocia score, and calf birth BW were similar (P ≥ 0.15) between development systems in both experiments. There appears to be a potential learned grazing behavior for heifers developed on corn residue allowing them to better adapt to grazing corn residue as pregnant heifers compared with WR and DL heifers.
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INTRODUCTION
Past beef heifer development research (Patterson et al., 1992) demonstrates an inverse correlation between postweaning growth rate and age at puberty, recommending heifers reach 65% of mature BW at breeding to maximize pregnancy rates. However, more recent research has shown reducing development BW 5% to 10% below contemporaries decreases heifer development cost $19 to $45/heifer (Feuz, 2001; Funston and Deutscher, 2004; Martin et al., 2008; Funston and Larson, 2011) while maintaining similar reproductive performance (Freetly et al., 2001; Funston and Deutscher, 2004; Martin et al., 2008; Roberts et al., 2009; Funston and Larson, 2011) . Developing heifers on dormant winter range or corn residue has been reported as an alternative to confinement-feeding replacement heifers (Martin et al., 2008; Funston and Larson, 2011; Larson et al., 2011) .
Corn residue typically has greater nutrient value compared with dormant winter range, thus utilizing corn residue in heifer development systems should improve heifer performance (Clanton, 1989) ; however, protein supplementation is required to meet nutrient requirements of growing cattle (Fernandez-Rivera and .
Grazing behavior can be developed through social interaction with young or naïve animals learning from older contemporaries (Thorhallsdottir et al., 1990; Provenza et al., 1993) . Furthermore, it is suggested cattle naïve to corn residue grazing require an acclimation period (FernandezRivera et al., 1989) . On the basis of these findings, we hypothesized heifers developed in systems utilizing corn residue would result in retained grazing behavior and improved ADG during subsequent corn residue grazing as pregnant heifers. Therefore, the objective of these studies was to evaluate the effect of heifer development systems on ADG, reproductive performance, and subsequent adaptation to grazing corn residue as a pregnant heifer.
MATERIALS AND METHODS
The University of Nebraska-Lincoln Institutional Animal Care and Use Committee approved the procedures and facilities used in this experiment.
Weaned Heifer Management
Exp. 1. Over a 4-yr period, 382 weaned crossbred heifers (Red Angus × Simmental) were blocked by BW and randomly assigned to graze either winter range (WR) or a combination of winter range and corn residue (CR; Fig. 1A ). Grazing treatments began in mid-November (approximately 30 d after weaning) and continued through mid-February. Winter range heifers grazed upland Sandhills pastures continuously through the 221-d development period at the Gudmundsen Sandhills Laboratory (GSL; Whitman, NE). Upland Sandhills pasture sites are dominated by little bluestem (Andropogon scoparius (Michx.) Nash), prairie sand reed (Calamovilfa longifolia (Hook.) Scribn.), sand bluestem (Andropogon hallii Hack.), sand lovegrass (Eragrostis trichoides (Nutt.) Wood), and blue grama (Bouteloua gracilis (H. K. B.) Lag. ex Griffiths; Adams et al., 1998) .
All heifers grazed winter range for 30 d before CR heifers were shipped 150 km to graze corn residue for 82 d. Corn residue fields were located in Keith County, Nebraska. Heifers were transported on approximately December 2 and returned to GSL on approximately February 14 each year. Corn-residue-developed heifers grazed for approximately 82 d; however, grazing length was dictated by corn harvest date and weather conditions. The corn residue fields were approximately 40 ha, irrigated, and planted in April. Corn harvest was completed in October, with an average corn grain yield of 12,544 kg/ha. Weaned heifers were placed in corn residue fields with pregnant heifers, some with previous corn residue grazing experience. Heifers were placed on corn residue with a 2.5 heifer/ha stocking rate during the grazing period. Following return from corn residue grazing, CR heifers were managed with WR heifers for approximately 109 d before the breeding season (Fig. 1A) . Both groups were offered the equivalent of 0.45 kg/d protein supplement (32% CP; DM basis; Table 1 ) 3 times weekly throughout winter grazing.
Estrus was synchronized with a single 5-mL injection of prostaglandin F 2α (PGF; Lutalyse, Zoetis, Florham Park, NJ) administered 108 h after bulls were placed with heifers. Bulls remained with heifers for 45 d (1 bull to 25 heifers). Heifers remained on Sandhills upland range through final pregnancy diagnosis in September.
Exp. 2. Over a 4-yr period, weaned, crossbred Angus heifers (n = 399) were received each October at the University of Nebraska West Central Research and Extension Center (WCREC; North Platte, NE). After a 14-d acclimation period heifers were blocked by BW and randomly assigned to graze winter range and corn residue (CR) or graze winter range and then be confined in a drylot (DL; Fig. 1B (Fig. 1B) .
Corn residue fields were the same fields used in Exp. 1, approximately 100 km from WCREC. Heifers were transported on approximately December 2 and returned to WCREC on approximately February 14. Corn residue grazing length was dictated by corn harvest date and weather conditions. Similar to Exp. 1, weaned heifers were placed in corn residue fields with pregnant heifers, some with previous corn residue grazing experience.
Drylot heifers grazed winter range for 100 d and then were placed in the drylot for 110 d (Fig. 1B) . Drylotdeveloped heifers were offered a diet (Table 2) formulated to target 65% of mature BW (360 kg) at breeding. Individual average feed intake for DL heifers was 8.3 kg/d (DM basis). Heifers placed in the drylot were fed once daily in the morning. Forty days before AI, CR and DL heifers were combined, managed together, and fed a common diet (Table 2) in the drylot.
Estrus was synchronized utilizing the melengestrol acetate-PGF 2α (MGA-PGF) synchronization protocol with heifers fed MGA (Zoetis) for 14 d and administered a single intramuscular injection of PGF 2α (Lutalyse, Zoetis) 19 d after the end of MGA feeding. Estrus detection was performed for 5 d following PGF 2α administration. Heifers were randomly AI to 1 of 4 bulls approximately 12 h after observed standing estrus. Approximately 10 d following the last day of AI, heifers were exposed to bulls at a ratio of 1 bull to 50 heifers for 60 d. Artificial insemination and overall pregnancy rates were determined 45 d after AI and 45 d after bull removal, respectively, via transrectal ultrasonography.
Blood Collection and RIA
In Exp. 1 and 2, blood samples were collected immediately before estrous synchronization 10 d apart via coccygeal venipuncture to determine pubertal status. Samples were cooled on ice and centrifuged at 2,500 × g for 20 min. at 4°C. Serum was removed and frozen at -20°C until analysis. Serum progesterone assays were completed without extraction (Melvin et al., 1999) , and progesterone concentrations were determined by direct solid-phase RIA (Coat-A-Count, Diagnostics Products Corp., Los Angeles, CA). Intra-and interassay CV were 3.2% and 4.5%, respectively. Heifers with serum progesterone >1.0 ng/mL in either sample were considered pubertal (Henricks et al., 1971) .
Economic Evaluation
Cost of winter and summer grazing for heifers was estimated to be one-half of grazing costs for a mature cow ($0.46/d) on the basis of heifer BW at weaning, as previously established . Corn residue grazing costs were calculated as the actual cost of grazing CR averaged over the 4-yr period ($0.46/d). Cost of grazing winter range with supplement and drylot feeding was calculated during the entire development period and was valued at $0.75/d. Transportation cost for CR heifers was $0.10/loaded km, and heifers were shipped approximately 150 and 100 km to corn residue fields for Exp. 1 and 2, respectively. Daily grazing cost for summer upland grass was calculated by Johnson et al. (2010) at $0.55/d. Additional development costs, including feed delivery costs, breeding costs, and health and veterinarian costs, were charged at $0.36/d. Average heifer purchase and cull prices were based on USDA Agricultural Marketing Service prices reported in Nebraska for each date (USDA-AMS, 2008). Net cost of 1 pregnant heifer was calculated using the formula developed by Feuz (1992) . The total value of cull heifers was subtracted from the total cost of all developed heifers. Total costs were then divided by the number of heifers exposed to determine the total cost of 1 pregnant heifer. This value was divided by final pregnancy rate to determine the total net cost of 1 pregnant heifer.
Pregnant Heifer Management
A subset of pregnant heifers from Exp. 1 (n = 200) and a subset from Exp. 2 (n = 216) were blocked by BW and assigned to graze 1 of 3 corn residue fields on the basis of the previous development system: 1) WR and DL heifers with no previous corn residue grazing exposure, 2) CR heifers, and 3) a combination of WR, DL, and CR heifers. Heifers were transported to corn fields in a similar location as used in Exp. 1 and 2, grazing for approximately 84 d on the basis of corn residue availability over the 4 yr. While grazing, all heifers received the equivalent of 0.45 kg/d of 32% CP supplement 3 times weekly (Table 1) . Heifers were placed on corn residue with a 1.6 heifer/ha stocking rate during the grazing period. Following corn residue grazing, heifers returned to GSL or WCREC and were managed similarly through the calving season.
Statistical Analysis
Data were analyzed utilizing the MIXED and GLIMMIX procedures of SAS (SAS Inst. Inc., Cary, NC). Heifers were developed at 2 locations, and treatments were repeated for 4 yr. Year was considered the experimental unit, with development treatment the fixed effect. The initial model included pregnant heifer grazing treatment and the interaction of heifer development treatment × pregnant heifer grazing treatment. The interaction was not significant and was removed from the model. For Exp. 2, AI technician was included as a random effect in the model for AI pregnancy and overall pregnancy data. A P-value ≤ 0.05 was considered significant.
RESULTS

Experiment 1
Heifer BW, ADG, and reproductive performance for GSL heifers are reported in Table 3 . Heifers on corn residue tended to have a decreased ADG (P = 0.11) compared with heifers grazing winter range, resulting in a tendency (P = 0.09) for final BW to be greater for WR heifers than for CR heifers (235 vs. 242 ± 5 kg; Table 3) after the 82-d corn residue grazing period. However, ADG was similar (P ˃ 0.10) while both CR and WR heifers grazed before the breeding season; thus, prebreeding BW was similar (P = 0.27) for CR and WR heifers.
The proportion of heifers attaining puberty before the breeding season and overall pregnancy rates were also similar (P ˃ 0.10) between CR and WR heifers. This may be expected as heifers achieved similar (P ˃ 0.10) prebreeding BW and proportion of mature BW before the breeding season.
The economic analysis for developing heifers on corn residue compared with winter range is summarized in Table 4 . Winter feed costs were similar (P = 1.00) between the 2 treatments. In this study heifers were developed together, except for during the 82-d corn residue grazing period. Prices for grazing corn residue and winter range were similar; thus, feeding costs would be expected to be similar for both systems. However, total development costs were $36/heifer greater (P = 0.05) for CR heifers compared with WR heifers because of transportation costs. This increase in total development costs resulted in CR heifers tending (P = 0.09) to cost more to develop 1 pregnant heifer compared with WR heifers.
Initial and final BW of pregnant heifers grazing corn residue were similar (P ˃ 0.10) for heifers previously developed on corn residue and winter range (Table 5) .
However, CR heifers tended (P = 0.07) to have increased ADG while grazing corn residue as pregnant heifers compared with WR heifers. The proportion of heifers calving within the first 21 d of the calving season, calf Julian birth date, calf birth BW, and dystocia score were similar (P ≥ 0.55) for CR and WR heifers (Table 6) .
Experiment 2
Heifer BW, ADG, and reproductive performance for heifers developed at WCREC are reported in Table 7 . Heifers developed in the drylot had greater (P < 0.01) ADG during the spring, which coincides with CR heifers on winter range after grazing corn residue. This resulted in greater (P < 0.01) overall ADG from treatment initiation to prebreeding for DL heifers compared with CR heifers. Average daily gain tended to be greater (P = 0.11) for CR compared with DL heifers during estrous synchronization (0.97 vs. 0.63 ± 0.15 kg/d). Furthermore, CR heifers had greater ADG (P = 0.01) than DL heif- 3 WR = heifers were developed grazing winter range for 221 d and were offered the equivalent of 0.45 kg/d 32% CP supplement 3 times per week. 4 Based on herd average mature cow BW (554 kg).
5 ADG while heifers grazed corn residue or winter range.
6 ADG in the period between weaning and the beginning of the breeding season.
7 ADG in the period between the beginning of the breeding season and pregnancy detection.
8 ADG in the period between corn residue removal and pregnancy detection.
9 Heifers considered pubertal if serum progesterone concentrations were >1 ng/mL. 3 WR = heifers were developed grazing winter range for 221 d and were offered the equivalent of 0.45 kg/d 32% CP supplement 3 times per week. 4 Scoring system from 1 to 5: 1 = no assistance; 2 = easy pull; 3 = mechanical pull; 4 = hard mechanical pull; and 5 = cesarean section.
ers from the beginning of the breeding season through AI pregnancy diagnosis. Before breeding, DL heifers were 33 ± 9 kg heavier (P < 0.01) than CR heifers and remained heavier at AI pregnancy diagnosis (378 vs. 357 ± 12 kg; P = 0.01) and final pregnancy diagnosis (423 vs. 406 ± 7 kg; P = 0.02).
Although prebreeding BW was greater for DL compared with CR heifers, the proportion of heifers attaining puberty before the breeding season was similar (P ˃ 0.10, Table 7 ). In the current study, DL heifers were developed to 64% mature BW (554 kg herd average mature BW) compared with 58% (P < 0.01) for CR heifers (Table 7) . Interestingly, AI pregnancy rate was 11% greater (P = 0.03) for CR compared with DL heifers (78% vs. 67% ± 6%). However, there was no difference (P ˃ 0.10) in final pregnancy rate (95% vs. 93% ± 2%) for CR and DL heifers.
Feed cost for the winter and spring period before breeding was $52/heifer greater (P < 0.01; Table 8 ) for DL compared with CR heifers. Total development costs were $33/heifer greater (P < 0.01) for DL heifers, and the net cost of producing 1 pregnant heifer was $38 greater (P = 0.02; Table 8 ) for DL heifers.
Second-winter initial BW was 22 kg (±4 kg) greater (P = 0.02; Table 9 ) for DL compared with CR heifers developed at WCREC, and BW after corn residue grazing tended to be greater (486 vs. 473 ± 11 kg; P = 0.10) for DL heifers compared with CR heifers. Pregnant CR heifers had increased (P = 0.03) ADG during secondwinter corn residue grazing compared with DL heifers. The proportion of heifers calving within the first 21 d of the calving season was similar (P ˃ 0.10; Table 10) between development systems. Furthermore, Julian calving date, calf birth BW, and dystocia score were similar (P ≥ 0.15) for CR and DL heifers (Table 10) .
DISCUSSION
Similar to findings reported in Exp. 1, reported increased BW after the corn residue grazing period for WR compared with CR heifers. Furthermore, Larson et al. (2011) reported prebreeding BW tended to be greater for WR heifers, whereas in the current study prebreeding BW did not differ. During winter grazing ADG tended to be less for CR heifers than WR heifers, agreeing with data reported by Larson et al. (2011) .
However, Larson et al. (2011) noted CR heifers tended to have greater ADG between removal from corn residue and prebreeding compared with WR heifers, suggesting a compensatory gain effect for CR heifers after re- 3 DL = heifers grazed winter range for 100 d before entering the drylot 110 d before AI and were offered the equivalent of 0.45 kg/d 32% CP supplement 3 times per week while grazing. 4 Based on herd average mature cow BW (554 kg).
5 ADG from initiation to prebreeding.
6 ADG while grazing winter range and corn residue (CR) or winter range (DL).
7 ADG while grazing winter range (CR) or while in drylot (DL).
8 ADG while CR and DL heifers are combined in the drylot.
9 ADG from breeding to AI pregnancy detection.
10 ADG from AI pregnancy to final pregnancy detection.
11 Heifer considered pubertal if serum progesterone concentrations were >1 ng/mL. moval from corn residue. Although grazing corn residue has been reported to be an acceptable source of winter forage in mature, nonlactating beef cows (Stalker et al., 2006 (Stalker et al., , 2007 Martin et al., 2007; Larson et al., 2009; Funston et al., 2010) , growing cattle placed on corn residue require protein supplementation to meet their nutrient requirements . Furthermore, it has been reported growing cattle grazing corn residue require an adaptation period of approximately 3 wk (FernandezRivera et al., 1989; reviewed in Fernandez-Rivera and Klopfenstein, 1989) , which may explain the difference in BW reported between CR and WR heifers. Corn residue components vary in nutrient quality and digestibility. Corn cobs and the bottom two-thirds of the stalk have the lowest IVDMD (33 to 35%), whereas the husk has the greatest IVDMD (59%; McGee et al., 2012) . At the beginning of the grazing season all corn residue components are available for grazing, but because of trampling and other environmental factors, not all the residue is utilized equally (reviewed by Klopfenstein et al., 1987) . During the grazing period, diet quality declines for the first 4 to 5 wk before diet quality becomes constant . Furthermore, BW gain during corn residue grazing is associated with the leaf and husk CP content of the corn plant remaining in the field (Fernandez-Rivera and . Because of the different nutrient values of corn residue components it is crucial for animals grazing corn residue to be able to recognize the most beneficial fractions of the corn residue.
In Exp. 2, DL heifers had increased BW through pregnancy diagnosis compared with CR heifers, agreeing with Funston and Larson (2011) . However, in that study DL heifers did not graze winter range before entering the drylot and were thus in the drylot between 150 and 204 d, whereas DL heifers in the current study grazed winter range for 100 d and were then placed in the drylot for 110 d.
Similar to the current study, Funston and Larson (2011) reported a greater ADG during the summer for CR heifers compared with DL heifers, suggesting a compensatory gain effect. Previous literature reports postinsemination diet and management may impact heifer AI pregnancy rates and embryonic survival (reviewed in Perry, 2012) . Feeding heifers 85% maintenance requirements for protein and energy resulted in decreased embryonic development on d 3 and 8 of gestation compared with heifers fed 100% maintenance requirements (Hill et al., 1970) . Previous studies reporting the impact of improved nutrient availability before the breeding season on nulliparous heifer AI pregnancy rates are limited. However, in a recent review, Perry (2012) reported heifers developed in a drylot and placed on spring forage pastures after insemination had reduced AI pregnancy rates compared with heifers developed in a drylot, placed on spring pastures after AI, and supplemented 2.2 kg·animal -1 ·d -1 dried distillers grains with solubles for 42 d. In Exp. 2, heifers were removed from the drylot after the 5-d AI period and were placed on summer pastures. Average daily gain was 0.16 kg/d greater for CR compared with DL heifers from AI to AI pregnancy diagnosis, potentially altering the uterine environment by various mechanisms (Perry, 2012) . Similarly, Olson et al. (1992) reported heifers grazing forage from weaning to breeding had increased ADG during summer grazing compared with heifers placed in the drylot during the development period. Retention of learned grazing behavior could have been greater for the heifers overwintered on forage compared to those reared in the drylot. In the current study, DL-developed heifers grazed WR approximately 100 d before DL entry. Although it is possible that learned grazing behavior could have been reduced in these heifers compared with CR-developed heifers, it is likely that increased ADG during the estrous synchronization period also increased AI pregnancy rates. CR heifers were placed in the drylot for 40 d before the beginning of the breeding season for estrous synchronization. During this time ADG tended to be greater for CR heifers. Improving nutrient intake for CR heifers just before breeding could result in a nutrient-induced increase in ovulation, or flushing effect, for CR heifers (Lynch et al., 1997) . Mulliniks et al. (2013) reported heifers developed on winter pasture and offered the equivalent of 0.9 kg/d protein supplement (36% CP; 36% or 50% RUP) had increased ADG from breeding to pregnancy diagnosis compared with heifers developed in the drylot to a greater breeding BW. Heifers developed on winter pastures and offered the supplement containing 50% RUP also tended to have greater pregnancy rates compared to heifers developed in the drylot or on winter pastures and supplied a supplement containing 36% RUP. The current study offered a distillers-grains-based supplement (46.7% RUP) that would be comparable in the level of RUP to the 50% RUP supplement provided by Mulliniks et al. (2013) . On the basis of these findings and data from the current study, it is clear that not only is nutrient management during the developmental stage important for heifer reproductive performance, but postbreeding nutrition also has a crucial role on pregnancy rates. However, the mechanisms behind this are not well understood.
More recent heifer development literature suggests heifers developed to 50% to 57% mature BW have similar pregnancy rates compared with heavier developed contemporaries, although puberty attainment may be delayed (Funston and Deutscher, 2004; Martin et al., 2008; Funston and Larson, 2011; Larson et al., 2011) . Heifers that were nutrient restricted for 140 d after weaning had fewer heifers attaining puberty by 14 mo but had similar overall pregnancy rates compared with their control-fed contemporaries (Roberts et al., 2009 ). Lynch et al. (1997 also reported similar pregnancy rates for heifers developed to gain 0.11 kg/d for the first 112 d of development followed by 0.91 kg/d for 47 d compared with heifers developed to gain 0.45 kg/d throughout the development period.
In Exp. 1 total development costs were increased ($36/heifer) for CR heifers because of transportation costs from GSL to corn residue fields. In Exp. 2 development costs (P < 0.01) and net cost for 1 pregnant heifer were greater for DL heifers. Funston and Larson (2011) report greater total feed costs for DL compared with CR heifers. In that study, DL heifers were fed in the drylot for approximately 184 d. In the current study, DL heifers were on winter range for 100 d, followed by drylot for 110 d. Even with reduced time in the drylot, total development costs were $33/heifer greater for DL compared with CR heifers. In Exp. 2, DL heifers reached 64% mature BW before the breeding season, whereas CR heifers attained 58% mature BW before the breeding season. These data are similar to previously reported data suggesting a $19 to $45/heifer savings when BW is 5% to 10% less before the first breeding season (Feuz, 2001; Funston and Deutscher, 2004; Martin et al., 2008; Funston and Larson, 2011) . Funston and Larson (2011) report DL heifers were 28 kg heavier at pregnancy diagnosis; however, precalving BW was similar to that of CR heifers. All pregnant heifers grazed corn residue before calving; however, BW before and ADG during corn residue grazing were not reported ). In the current study, ADG while grazing corn residue as pregnant heifers was greater for CR compared with DL heifers (Exp. 2). Similarly, in Exp. 1, there was a trend for increased ADG for CR compared with WR heifers grazing corn residue as pregnant heifers. Thus, the authors propose heifer development system, specifically, grazing corn residue, influences pregnant heifer ADG when heifers are placed on corn residue the subsequent winter.
Naïve calves grazing corn residue consume diets with reduced starch content, which is suggested to be caused by an inability to find and consume grain in corn residue . Both DL and WR heifers were naïve to corn residue grazing as pregnant heifers, whereas CR heifers grazed corn residue during development. Reduced ADG in DL and WR heifers is likely due to the reported adaptation time to grazing corn residue required by naïve cattle placed on corn residue (Fernandez-Rivera and , whereas CR heifers retained the grazing behavior learned during development.
It has been proposed an animal's ability to relate plant flavor, appearance, or texture to digestive benefits (positive digestive response) or liabilities (negative digestive response) influences animal behavior (Launchbaugh et al., 1999) . Thus, early exposure to their grazing environment may help animals gain experience and influence grazing behavior later in life. Provenza and Balph (1988) suggested exposing young livestock, with mothers (i.e., replacement females), to foods and environments similar to those they will encounter later in life may increase foraging efficiency and thereby increase livestock production. Although weaned heifers developed on corn residue did not graze with their dams, they did graze alongside pregnant heifers in both experiments.
Several researchers have reported altered or learned grazing habits in sheep and cattle based on social interactions or physiological status (Provenza and Balph, 1988; Ralphs and Olsen, 1990; Thorhallsdottir et al., 1990; Vanzant et al., 1991; Provenza et al., 1993; Sowell et al., 1999) . Thorhallsdottir et al. (1990) reported lambs exposed to rolled barley and serviceberry with their mother consumed more of the diet compared with lambs exposed with either a nonlactating ewe or alone just after exposure and 4 wk later, suggesting a social model for learning in young lambs. Naïve heifers may have learned to graze corn residue from the pregnant heifers by leader-follower behavior, described by Greenwood and Rittenhouse (1997) . Leaders (in these cases, heifers with previous corn residue grazing experience) seem to be animals moving purposefully in a direction, attracting the attention of others. Purposeful movement may come from having knowledge of where resources are located. Greenwood and Rittenhouse (1997) stated leader-follower behavior could be explained by several phenomena, including followers following animals with long-standing experience with their environment and followers following animals exhibiting purposeful movement. Many studies have demonstrated the renewal of a learned response when animals return to the original environment where the response was learned, indicating the taste/illness association is not forgotten (reviewed in Ralphs and Olsen, 1990) .
As mentioned, previous experience consuming a feedstuff is retained and preferred when a positive outcome occurs (Launchbaugh et al., 1999) . Nolte et al. (1990) reported lambs fed wheat from 50 to 110 d of age preferred to consume wheat compared with barley when exposed to both grains for 3 min/d over a 3-d testing period. Although lambs had increased affinity to grains consumed during the initial exposure, lambs exposed to barley for 21 d after the initial 60-d treatment period of wheat had a slightly reduced affinity to wheat compared with lambs consuming wheat during the 21-d period. These lambs, similar to the developing heifers utilized in the current trial, were weaned and consuming grains with contemporaries of the same age. Introduction of forages or feeds to animals while they are with their dams also increases the persistence of the foraging habit (Provenza and Balph, 1988; Nolte et al., 1990; Thorhallsdottir et al., 1990) . However, in the current study the authors report the learned grazing behavior of developing heifers is retained, allowing for improved ADG during corn residue grazing as pregnant heifers compared with naïve heifers. To the authors' knowledge, this is the first report of development system impacting grazing behavior of pregnant heifers.
IMPLICATIONS
Heifers developed on corn residue tended to have lighter BW at the end of the corn residue grazing period compared with WR heifers (Exp. 1); however, reproductive performance was similar between treatments. In Exp. 2, heifers developed on winter range and drylot had greater BW from the end of the development period through pregnancy diagnosis compared with CR heifers; however, AI pregnancy rates were increased for CR heifers. Grazing heifers on corn residue during development improves ADG of pregnant heifers placed on corn residue during late gestation compared with DL heifers and tends to improve ADG of CR heifers compared with WR heifers, supporting the hypothesis of a learned behavior for grazing corn residue.
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